Abstract: By employing optical injection-locking the direct modulation bandwidth of a 10µm diameter disc laser is increased to 15GHz. In addition, modulation at 20Gb/s is demonstrated with only 1mW DC bias & 190mV data signals (50fJ/bit) 
Introduction
Future multi teraflops chips are envisioned to include a photonic communication layer [1] . Silicon on insulator (SOI) is considered the most suitable photonic wave guiding layer [2] as it is CMOS compatible. Since silicon is a poor light emitting material, research effort is focused on making high speed and low power silicon modulators in SOI. These have been demonstrated in both reverse and forward bias operation regime [3] , and all rely on an external light source. As has been recently published [3] , SOI modulators are limited in one or more of the following aspects: operation bandwidth, footprint, required drive voltage, extinction ratio, and/or insertion losses. The reported silicon modulators are an engineering compromise between the above mentioned restrictions. For example, achieving high extinction ratio leads to increased insertion loss and limited modulation speed.
The power consumption of the photonic links is driven by the detection sensitivity of the receiver. If the modulator's insertion loss is high, more optical power is needed at its input. Lower insertion losses modulators have poorer extinction ratio. A typical reported [3] extinction ratio of 1-2dB requires an extra 8dB (for a 1.5dB ER) of optical power at the receiver to achieve the same bit error rate, again requiring more optical power. The extinction ratio can be improved by increasing the voltage swing, but this requires high voltage RF amplifiers which consume precious chip footprint and power. An alternative solution for on chip optical data generation can be found with directly modulated InP membrane disc lasers. These lasers operate at very low currents (threshold is ~0.2 mA), are extremely compact (~100µm 2 ) and can also be fabricated with CMOS compatible techniques [4] . Moreover, as shown in this paper, the required voltage swing to achieve high extinction ration is only several hundreds of milli Volts, compatible with standard CMOS logical levels. In order to overcome previously reported limited direct modulation properties of InP disc lasers [4] we suggest an alternative method -injection locking. Such an approach has been successful in obtaining multi tens of GHz bandwidth in both DFB [5] lasers and VCSELs [6] .
In this paper we demonstrate for the 1 st time, operation of injection locked InP membrane disc lasers, with a 15GHz 3dB bandwidth. We give first BER measurements of a directly modulated injection locked disc laser source at 10 and 20Gb/s. The receiver sensitivity penalty (compared to commercial LiNbO3 Mach-Zehnder) is 5 and 7 dB respectively. The disc laser consumes only ~1 mW of electrical power for biasing and 350 & 190 mV p-t-p voltage swing, for the data signals for 10 & 20Gb/s respectively, making the energy consumption per bit as low as ~50 fJ, and the transmitter compatible also with future CMOS logic level voltages. The demonstrated injection locked directly modulated InP disc laser can meet or exceed the performance of state-of-the-art reported silicon modulators [3] in operating speed (10 Gb/s error free, low BER at 20 Gb/s), extinction ratio (6.2 dB@10Gb/s), drive voltage (350 mV@10Gb/s), power consumption (1 mW), external laser power (1 mW) and footprint (100 µm 2 ). By further integrating a 2nd disc laser, for seeding, the need for an external laser is removed, simplifying packaging and dramatically lowering the power consumption for the entire system.
Device structure and characterization
The microdisc is etched in a thin InP-based membrane, which contains 3 compressively strained InAsP quantum wells with a thickness of 6 nm in 15 nm Q1.2 barrier layers. The InP-based membrane is bonded on top of SOI with
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OSA/OFC/NFOEC 2011 OMM5.pdf ©Optical Society of America a thin layer of Benzocyclobutene (BCB). The oxide layer contains a silicon wire waveguide with a 500 nm width and a thickness of 220 nm. The laser mode is evanescently coupled to this waveguide. In figure 1 we show typical L-I & V-I curves for a 10 µm diameter disc with a threshold current of ~300µAmps. Unlike previously reported devices [4] , the device exhibits very smooth bi-directional operation until ~ 2mAmps and then reverts to unidirectional lasing with a dominant counter clockwise lasing with >15dB extinction ratio between the two lasing directions.
Response to small signal modulation
In order to establish the expected improvement in direct modulation bandwidth, the electrical to optical transfer function was measured. In Figure 2 we see the measured S21 response of the 10µm disc with and without an external injection. The disc was biased at 0.75 mA (x2 threshold current) and was operating at single mode around a wavelength of 1558.8 nm. An external laser with a wavelength around this free running mode (±50 pm) and an insilicon power of 300 µW was used to injection lock the disc. It is clear that the device response is enhanced, with the 3dB bandwidth pushed to 15 GHz, twice as much as obtained for the free running device. 
